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Answer all questions. 

 
1. The graph shows the solubility curve of potassium nitrate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a)  The table shows the solubility of lead nitrate at different temperatures. 
 
 

Temperature (°C) 20 40 60 80 100 

Solubility of lead nitrate 
(g per 100 g of water) 52 72 90 112 136 

 
 
  (i)  Plot the solubility of lead nitrate on the grid above. [3] 
 
  (ii) Using the graphs, compare the solubilities of potassium nitrate and 

lead nitrate between 20 °C and 100 °C.  [3] 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  …………………………………………………………………………………………  
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 (b) Lucy wanted to find the solubility of substance X at room temperature.  She 
measured 20.0 g of the substance into a conical flask and added 50.0 g of 
water.  She stirred the mixture carefully until no more solid dissolved.  She 
then separated the undissolved solid using a filter paper and dried the paper 
and solid overnight before weighing. 

 
  Her results were as follows. 
 
  Mass of dry filter paper + substance X = 5.1 g 
  Mass of dry filter paper = 0.2 g 
 
  Use this information to calculate the solubility of substance X  
  in g per 100 g of water.  [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    solubility = ………………………… g per 100 g of water 
 
 
 

 
9 
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2. Trystan carried out an investigation into the reaction between dilute hydrochloric acid 
(HCl) and magnesium ribbon. He reacted the magnesium with five different 
concentrations of acid and measured the volume of hydrogen gas produced after    
30 s using the apparatus below.    

 
 
 

 
 
 
 
 (a) Name apparatus P.   …………………………………………………..    [1] 
 
 
 (b) Trystan’s result are shown below. 
 

Concentration of HCl (mol/dm3) Volume of H2 gas produced (cm3) 

0.2 8 

0.5 17 

1.0 26 

1.5 30 

2.0 30 
 
 
  (i) State what can be concluded about the effect of concentration of acid 

on the rate of the reaction.  Explain this effect using your 
understanding of particle theory. [3] 

  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
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  (ii)  Trystan initially measured the volume of gas collected in 60 s.  Explain 
why he amended his plan after making these measurements.   [2] 

 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  (iii) State two factors other than concentration which could affect the rate 

of the reaction between hydrochloric acid and magnesium. [2] 
 
 
   Factor 1……………………………………………………………………… 
 
   Factor 2……………………………………………………………………… 
 
 
 (c) Limestone is made of calcium carbonate.  It reacts slowly with acid rain and is 

gradually eaten away. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Design an experiment based on this reaction to identify which of three 

samples of rainwater is the most acidic. [3] 
 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
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3. (a) Carbon dioxide and oxygen levels in the atmosphere are kept in balance by 
the carbon cycle.  State and explain how two biological processes help keep 
this balance. [2] 

 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 (b) Many scientists believe that an increase in the use of fossil fuels has led to  
  global warming. 
 
  (i) Describe how global warming is different to the greenhouse effect. [1] 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  (ii) Describe two possible consequences of continued global warming 

over the next century.  [2] 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
  
  …………………………………………………………………………………………. 
 
  (iii) Explain the principle of carbon capture and storage as a method of 

limiting future global warming. [2] 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
  
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
 
 

 
7 
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4. (a) When a metal carbonate undergoes thermal decomposition it releases a gas 
and forms a metal oxide. The table gives the temperature at which some 
carbonates decompose. 

 

Metal carbonate Decomposition temperature (˚C) 

calcium carbonate 840 

copper(II) carbonate 290 

magnesium carbonate 350 

potassium carbonate 890 

  
 
  (i) State which carbonate is the most stable and give a reason for your 

answer. [1] 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
   
  (ii) Describe an experiment to show the thermal decomposition of 

copper(II) carbonate.  Include the observations made and state how 
you would collect and identify the gas formed. 

 
   You may include a diagram in your answer. [4] 
 
 
 
 
 
 
 
 
 
 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
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  (iii) A student was given samples of each of these carbonates labelled    
A, B, C and D.  He made the following observations. 

 
 

Metal carbonate Appearance Colour seen in flame test 
A white powder brick-red 

B white powder lilac 

C green powder green 

D white powder no colour 
 
 

   State the conclusions that he should draw from both sets of 
observations.  [2] 

  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
 
 (b) Metal nitrates, such as potassium nitrate, also undergo thermal 

decomposition. 
 
  (i) Balance the chemical equation for this reaction.  [1] 
 
 
   

KNO3   →               KNO2   +   O2 
 
 
 
  (ii) Calculate the percentage of oxygen present in KNO3.  [2] 
 

Ar(K) = 39     Ar(N) = 14     Ar(O) = 16 
 
 
 
 
 
 
 
 
    percentage = ………………………….  % 
 

 
10 
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5. Name two different types of tectonic plate boundary linked to volcanic activity. 
Describe and explain the processes taking place at both. [5] 

 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
 

 
5 
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6. The table below shows information about three Group 7 elements. 
 

Name Melting point (°C) Boiling point (°C) Colour 

bromine ‒7 59 orange-brown 

chlorine ‒107 ‒35 yellow-green 

iodine 114 184 grey 
 
 (a) Using the information in the table state the trend in melting points down 

Group 7 and give the physical states of each element at room temperature 
(20 °C).  [3] 

 
  Trend in melting points ……………………………………………………………… 
 
  …………………………………………………………………………………………. 
  
  Physical states ………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
 
 (b) Astatine lies below iodine in the Periodic Table. Predict the melting point of 

astatine.  Explain how you reach this conclusion. [1] 
 
  Melting point ………………………… 
 
  Explanation …………………………………………………………………………... 

  …………………………………………………………………………………………. 

 

 (c) Chlorine has two naturally occurring isotopes – 35Cl and 37Cl.  The isotope 
containing 18 neutrons makes up 75 % of all chlorine atoms. 

 
  Calculate the relative atomic mass (Ar) of chlorine. [3] 
 
 
 
 
 
   

 

 

 

Ar = ……………. 

 
7   

isotope 1 isotope 2 

(mass × percentage abundance) + (mass × percentage abundance) 
Ar =     ______________________________________________________ 
 
        100 
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7. The graphs below show data on fluoridation of water and numbers of decayed, 
missing and filled teeth (DMFT) seen in the population of children aged 12. 

 
 Graph 1 shows data collated by the Center of Disease Control in the U.S.A. from 

1967-1992. 
 
  
 
 
 
 
 
 
 
 
 
                    
 
 
 
 
 
 
 

Graph 1 
 
 
 Graph 2 shows data from an Australian dental paper comparing mean numbers of 

DMFT in three different areas. The fluoridated water area has had fluoride added to 
its water supply for over 20 years.  The newly fluoridated area has had fluoride added 
since 2008.  The unfluoridated area has never had fluoride added to its supply. 

 
                                   
                                                            

 

 
 
 
 

Year 
 

Graph 2 
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 (a) Calculate the percentage decrease in mean DMFT in the newly fluoridated 
  area between 2008 and 2010.      [2] 
 
 
 
 
 
 
                     decrease = ……………… % 
 
 (b) Suggest a possible reason why the levels of DMFT decreased in the 

unfluoridated area between 2010 and 2012.  Explain your reasoning. [2] 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 
 (c) A student claims that water should be fluoridated in order to decrease mean 

DMFT.  Use the data from both graphs and your own knowledge to evaluate 
this claim.  [4] 

 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
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8. Discuss the methods used to soften hard water.  [6 QER] 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
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9. (a) The reactivity of Group 7 elements was investigated by reacting each halogen 
with solutions of each halide. 

  
  (i)  Complete the table below by adding a tick () to indicate that a 

reaction takes place and a cross (×) where no reaction occurs. [2] 
 
 

Halogen 
Solution of halide ion 

sodium chloride sodium iodide sodium bromide 

bromine, Br2    

chlorine, Cl2    

iodine, I2    

 
 
  (ii) Explain the trend in reactivity in Group 7 in terms of electronic 

structure. [3] 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
 
  …………………………………………………………………………………………. 
  
  (iii) Write the balanced symbol equation for the reaction that takes place 

between chlorine and sodium iodide. [2] 
 
 
  …………………  +  …………………   →   …………………  +  ………………… 
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 (b) Bromine and fluorine can react together to form two different compounds.  
One of them has a relative molecular mass (Mr) of 137 while the other is 
formed from 355 g of bromine and 430 g of fluorine. 

 
  Deduce the formulae of both of these compounds.  Show your working 

throughout. [3] 
 

Ar(Br) = 80      Ar(F) = 19 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Compound 1  ……………………… 
 
   
  Compound 2  ……………………… 
 
 
 

 
10 
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10. (a) The contact process is used to produce sulfuric acid.  One step in this 
process is the production of sulfur trioxide shown in the following equation. 

 
SO2  +  O2   →   SO3 

 
              A catalyst of vanadium pentoxide is used in this step. 
 
  State the purpose of the catalyst and explain how it is effective in this 

reaction. [2] 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 ………………………………………………………………………………………………….. 
 
 (b) The sulfur dioxide required in the above reaction, can be produced by heating 

sulfide ores such as iron sulfide, FeS2, in oxygen.   
 

4FeS2(s)   +   11O2(g)     →     2Fe2O3(s)   +   8SO2(g) 
 
  (i) Calculate the number of moles in 176 tonnes of SO2. [3] 
    

1 tonne = 1 × 109 g 
       

Ar(S) = 32 Ar(O) = 16 
 
 
 
 
 
 
 

number of moles = ………………… mol 
 
 
  (ii) Use you answer to part (i) to calculate the minimum mass of iron 

sulfide, FeS2, required to produce 176 tonnes of SO2. [2] 
 

Ar(Fe) = 56   Ar(S) = 32   Ar(O) = 16 
 
 

 

 

 

mass = ………………… tonnes 

 
7 

END OF PAPER 
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Avogadro's number, L = 6 × 1023 
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